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In South Africa, fishes in headwater streams are increasingly being threatened by non-native
fish invasions. These invasions originate primarily from source populations in mainstream
rivers and impoundments. In the Blindekloof stream, a Swartkops River headwater tributary,
the non-native Micropterus salmoides was eradicated from the stream by conservation authorities
in 1989. As a result of this eradication subsequent occurrences of non-native fishes are most
likely a result of upstream invasions from the mainstream Swartkops River. The Blindekloof
stream therefore provided a unique opportunity to investigate whether M. salmoides would
reinvade after its removal in 1989 and if the more recently introduced Clarias gariepinus and
Tilapia sparrmanii would invade the Blindekloof stream. During snorkel and electrofishing
surveys four non-native species were recorded (M. salmoides, M. dolomieu, T. sparrmanii,
C. gariepinus). The large predators, M. salmoides, M. dolomieu and C. gariepinus were neither
abundant nor widespread and T. sparrmanii was the only non-native species that had success-
fully established in the Blindekloof stream. Where M. salmoides and M. dolomieu were
observed, all other fish species were absent. By contrast, the native species were present at all
sites where C. gariepinus and T. sparrmanii were found. The Pseudobarbus afer population was
predominantly limited to a 1.7 km section of the stream that was not invaded and is located
above a waterfall. The limited distribution range of this Endangered species makes it particu-
larly vulnerable to predation by non-native fishes. The results of this study indicate that these
non-native fishes rapidly invaded the Blindekloof stream following their introduction into the
mainstream.
Key words: endangered, invasive, non-native, Clarias gariepinus, Micropterus dolomieu,
Micropterus salmoides, Pseudobarbus afer, Tilapia sparrmanii.
INTRODUCTION
Freshwater ecosystems, especially the headwaters
of rivers, are key areas for the conservation of
aquatic biodiversity because although they are
characterized by low species diversity, they have a
high degree of endemism (Abell et al. 2007). This is
especially true in the Swartkops River system,
Eastern Cape, South Africa, where the native
headwater fish fauna comprises the genetically
distinct Mandela lineage (Swartz et al. 2009) of the
Endangered (IUCN 2010) Eastern Cape redfin
minnow, Pseudobarbus afer (Peters, 1864), Barbus
pallidus Smith, 1941, Sandelia capensis (Cuvier,
1831), Glossogobius callidus (Smith, 1937) and the
obligate catadromous longfin eel Anguilla mossam-
bica Peters, 1852 and the giant mottled eel, Anguilla
marmorata Quoy & Gaimard, 1824. As a result of
intentional stocking and illegal introductions, the
mainstream Swartkops River has been invaded by
at least five non-native species (Table 1). The
largemouth bass, Micropterus salmoides (Lacepéde,
1802), smallmouth bass, Micropterus dolomieu
(Lacepéde, 1802), and common carp, Cyprinus
carpio Linnaeus, 1758, were already reported from
this system prior to the 1970s. More recent addi-
tions are the African sharptooth catfish, Clarias
gariepinus (Burchell, 1822), first collected in 1997 but
caught by anglers since 1985 (B. Kurten, records
officer, Eastern Cape Bank Anglers Association,
pers. comm.) and the banded tilapia, Tilapia
sparrmanii A. Smith, 1840, collected during a sur-
vey in 2009.
Reported impacts of these non-native fishes on
South African headwater rivers and streams include
direct predation, competition and associated eco-
system effects (De Moor & Bruton 1988; Skelton
1993; Woodford et al. 2005; Lowe et al. 2008;
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Tweddle et al. 2009). In a study undertaken on the
Blindekloof stream, a Swartkops headwater trib-
utary, Skelton (1993) reported that M. salmoides
had invaded 2.4 km upstream and demonstrated
that in pools occupied by this non-native preda-
tor, native fishes (S. capensis, G. callidus and P. afer)
were greatly reduced in abundance and in some
cases extirpated. No other non-native fishes
were reported and M. salmoides was subse-
quently eradicated from the stream by conserva-
tion authorities.
As a result of this eradication and because the
entire stream is situated within the Groendal
Wilderness Area, where direct introductions
were unlikely because of access control, subse-
quent occurrences of non-native fishes are most
likely a result of upstream invasions from the
mainstream Swartkops River (Fig. 1). The
Blindekloof stream therefore provided a unique
opportunity to investigate whether M. salmoides
would reinvade after its removal in 1989 and if
the more recently introduced C. gariepinus and
T. sparrmanii would invade headwater streams.
MATERIALS & METHODS
Study site
The Blindekloof stream is a tributary of the
Swartkops River, and is situated northwest of
Uitenhage in the Grootwinterhoek Mountains in
the Eastern Cape, South Africa (Fig. 1). The
source of the Blindekloof stream lies in the
Grootwinterhoek Mountains and the stream is
approximately 11 km long. The entire catchment
is situated within the Groendal Wilderness Area,
which was demarcated as State Forest for the
protection of the indigenous forest and water
resources early in the 19th century and is there-
fore unaffected by anthropogenic influences.
The geology of the area consists of quartzitic
Table Mountain Group sandstones (Maclear
2004).
Typical in-stream habitat in the upper reaches
was characterized by open canopy pools, with
bedrock, large unconsolidated boulder, cobble
and pebble substrates. The middle reaches were
similar, but the canopy was predominantly
closed. In the lower reaches of the stream the
streambed was characterized by medium and
small unconsolidated cobbles, pebbles and
gravel. Pools in the Blindekloof stream are pre-
dominantly isolated on the surface, but there is
permanent subsurface flow (Skelton 1993). This
stream can be classified as episodic because it is




































































































































































































































































































































































































































































































































































































fed by both precipitation and groundwater, and
surface flow follows only after sustained heavy
rain (Roux et al. 2002), an event that occurs on aver-
age 1.2 times/year in an erratic and unpredictable
pattern (Skelton 1993). The stream gradient is high
in the upper reaches with a number of natural
physical barriers (waterfalls and cascades).
Sampling
This study took place during April/May 2010,
and sixteen sampling sites, from the Blindekloof/
Swartkops confluence area to the last point
accessible by hiking, about 9 km upstream, were
surveyed by snorkelling, electrofishing and a vi-
sual assessment (Fig. 1). Snorkel surveys were con-
ducted using a modified zigzag method from
Woodford et al. (2005). Pass one was initiated at the
tail end of the pool, with the observer swimming
in an upstream direction zigzagging to cover as
much of the pool as possible. Pass two was a repeat
of pass one but in a downstream direction. During
each pass, all fish seen were identified to species
level and counted. In pools with extensive shallow
areas (<0.5 m deep) snorkelling was ineffective
and backpack electrofishing (SAMUS-725GN) was
performed as a supplementary sampling method.
Owing to the episodic nature of the Blindekloof
stream, pool sizes are dynamic and fluctuate
seasonally. Therefore a simple method was used
to obtain an estimate of surface area (m2) by calcu-
lating the product of the maximum width and
length (m) of each pool. Oxygen saturation (%) and
temperature were measured using an OxyGuard
oxygen probe. Conductivity and pH were measured
using a Hanna HI98129 Combo pH and Electrical
Conductivity meter. Turbidity (NTU) was mea-
sured using a Hanna HI 98703 Turbidimeter.
RESULTS
Water quality reflected the intact catchment and
nutrient poor geology. The water was very clear
(mean ± standard deviation: 0.44 ± 0.25 NTU),
well oxygenated (84.7 ± 15.9% saturated) with low
conductivity (136.9 ± 16.1 µs/cm) and near neutral
pH (range: 6.75–7.64).
Fish distribution and their relative abundances
are summarized in Fig. 2 and Table 2. In total eight
fish species were recorded of which four were
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Fig. 1. The location of the Blindekloof stream and the position of the sampling sites from site 1 at the
Swartkops/Blindekloof confluence to site 16 in the upper reaches of the Blindekloof stream.
non-native. The highest point where fish were
recorded was site 12, below which 10 pools con-
tained fish (Table 2). In sites containing fish, the
relative species composition was dependent on
sampling site (10 sites × 8 species contingency
table; χ2 test of independence: χ2 = 778, d.f. = 77,
P < 0.05). In sampling sites where they occurred,
native species were common. Barbus pallidus was
only recorded in the lower to middle reaches of the
stream (sites 1–6, Fig. 1) at densities of 0.2 to
5.2 fish/100 m2. The more cryptic G. callidus was
recorded throughout the system although it was
more abundant in the middle and upper reaches
(0.1–2.2 fish/100 m2). Sandelia capensis was only
present in the middle reaches (sites 6–8) at densi-
ties of 0.1–2.2 fish/100 m2. Pseudobarbus afer was
recorded from the middle to the upper reaches
(sites 6–12), with abundance increasing from
0.3 fish/100 m2 in the middle reaches to up to
126.5 fish/100 m2 in the upper reaches. Non-native
species were patchy in their distribution (Table 2).
Clarias gariepinus was recorded at sites 1 and 6. The
two centrarchids, M. salmoides and M. dolomieu,
were only sampled from site 9 where they were
the only fish in the pool. Tilapia sparrmanii was
fairly abundant in the lower and middle reaches
(0.1–4.6 fish/100 m2) and were recorded as far up-
stream as site 8.
DISCUSSION
Despite the absence of two introduced species,
C. carpio and Salmo trutta Linnaeus, 1758, the
current study largely supports the hypothesis that
the Blindekloof stream would be invaded by all
non-native fishes introduced into the mainstream.
Salmo trutta failed to successfully establish in
the Swartkops River system and have not been
recorded since the 1960’s, while C. carpio has never
been recorded within the Groendal Wilderness
Area, although it contributes significantly to an-
glers catches from the Swartkops River below the
Groendal Wilderness Area (B. Kurten, records offi-
cer Eastern Cape Bank Anglers Association, pers.
comm.). The reinvasion of the Blindekloof stream
by M. salmoides after its removal in 1989 (Skelton
1993), and the invasion by an additional three
non-native species was, however, fairly rapid.
By 1997, M. salmoides had reinvaded the
Blindekloof stream and during the current survey
it was sampled from further upstream than previ-
ously recorded. In the upper Swartkops system,
M. salmoides was introduced into the Groendal
Dam, upstream of the Swartkops/Blindekloof con-
fluence, in 1935 and subsequently spread down-
stream (Skelton 1993). Micropterus salmoides has
subsequently established in the Swartkops River
system and a reinvasion of the Blindekloof stream
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Fig. 2. The distribution of the native and non-native fishes in the Blindekloof stream in relation to the stream gradient
and natural barriers (solid bar indicates where a species is present and the dotted bar indicates where a species has
been extirpated).



































































































































































































































































































































































































































































































































































































































































































was inevitable because no mitigating measures
were implemented after their removal in 1989. The
invasive impacts of M. salmoides in South Africa are
predominantly limited to mainstream rather than
headwater environments (De Moor & Bruton
1988), although it has invaded headwater streams
(De Moor & Bruton 1988; Skelton 1993; Shelton
et al. 2008). Despite this, their impact on the fish
populations in individual pools is significant with
both Skelton (1993) and this study reporting the
complete absence of other fishes in pools where M.
salmoides was present. Periodic invasion into the
reaches occupied by vulnerable native fishes,
however, is likely to result in their extirpation in
invaded pools, particularly for S. capensis and
P. afer that have limited distributions within the
Blindekloof stream. The invasion process may be
dynamic and determined by rainfall, but after
favourable recruitment conditions M. salmoides
may provide a significant threat to native fishes.
This study also documents the first record of an
additional centrarchid, M. dolomieu in the
Blindekloof stream. While the exact date of intro-
duction is unknown, M. dolomieu has been caught
by anglers in the Swartkops River system since
1965 (Brian Clark, Chairman: Eastern Cape Fresh-
water Fish Conservancy, pers. comm.). This species
is one of the most successful invaders in Western
Cape streams (Impson et al. 2002; Woodford et al.
2005; Lowe et al. 2008). In the Rondegat River, a
headwater tributary of the Olifants River in the
Western Cape, M. dolomieu extirpated five native
fish species and the juveniles of a sixth species,
Labeobarbus capensis (A. Smith, 1841) was absent
from invaded sections of the river (Woodford et al.
2005). As M. dolomieu is now in the Blindekloof
stream, it may have a similar impact on the native
fishes.
Clariid catfishes are well suited to establishing in
new environments due to airbreathing adapta-
tions, omnivorous diet, ability to move overland
and their habit of burrowing during droughts
(Cambray 2003). Although little information exists
on the effects of C. gariepinus invasion on native
species, this species has been implicated as the
primary cause for the decline in two native East-
ern Cape species, Pseudobarbus asper (Boulenger,
1911) in the Gamtoos River system and Sandelia
bainsii Castelnau, 1861 in the Tyume River
(Cambray 2003). Only two C. gariepinus individu-
als were recorded from the Blindekloof stream,
and both co-occurred with native species. These
findings indicate that C. gariepinus has not yet
fully established in the Blindekloof stream. Low
abundance and limited distribution was, how-
ever, also characteristic of the other two large
predatory species, M. dolomieu and M. salmoides,
which were neither abundant nor widespread.
This may be as a result of the episodic nature of the
Blindekloof stream being unfavourable to large
predators.
The temporal flow regimes, fluctuations in pool
size and resultant limitations in prey availability,
particularly during dry periods when pools are
small, may make this environment marginal for
large predators such as M. salmoides, M. dolomieu
and C. gariepinus. In addition, during low flows,
larger individuals in diminishing pools may
become increasingly vulnerable to predation by
the Cape clawless otter (Aonyx capensis (Shinz,
1821)) and piscivorous birds, which may inhibit
their successful establishment in the stream. Such
low abundance was already noted by Skelton
(1993) who observed that individual pools were
inhabited by few individual M. salmoides. Their
occurrence in this stream is therefore likely to be
dependent on invasions of individuals from
downstream. By contrast to the large predators,
the smaller generalist, T. sparrmanii were both
abundant and widespread in the lower and middle
reaches of the Blindekloof stream and appear to
have established successfully in the stream.
Tilapia sparrmanii has been widely translocated
in South Africa as fodder fish for both M. salmoides
and M. dolomieu, including Eastern Cape rivers
(De Moor & Bruton 1988). Studies on their inva-
sive potential are limited, although it has been
suggested that they compete with native fishes for
food resources and possibly prey on juvenile native
fish (De Moor & Bruton 1988). The successful
establishment of T. sparrmanii in the Blindekloof
stream may be due to its wide habitat tolerance
and generalist nature. The species prefers quiet or
standing waters, typical of the pools on the
Blindekloof stream. Tilapia sparrmanii is predomi-
nantly macrophagous, but may feed on small
invertebrates and in some cases even small fish
(Skelton 2001; Zengeya & Marshall 2007). There
may be food resource competition between
T. sparrmanii and the two native species P. afer (diet
of filamentous algae and invertebrates) and
S. capensis (diet of terrestrial and aquatic inverte-
brates as well as small fish) (Skelton 2001). The
invasive potential of T. sparrmanii is, however, still
inconclusive and needs to be investigated further.
Predation by, and competition with, non-native
44 African Zoology Vol. 46, No. 1, April 2011
fishes is considered a primary threat to native
fishes in southern Africa (Tweddle et al. 2009). The
limited distribution of P. afer and S. capensis make
them particularly vulnerable to invasion by non-
native fishes. The P. afer population is predomi-
nantly limited to a 1.7 km section of the stream that
is not invaded. The steep gradient and physical
barriers (waterfalls >2 m) seem to preclude this
stream section from invasion. A similar situation
exists in the Western Cape where native fishes are
predominantly confined to the headwaters and
smaller upper catchment streams, often as a result
of waterfalls that prevent the spread of invasive
fishes upstream (Gaigher 1980; Lowe et al. 2008).
Sandelia capensis, however, was only recorded
from the middle reaches of the Blindekloof stream,
and is afforded no protection by natural barriers
(waterfalls) to invasion, as P. afer is. Although the
Blindekloof P. afer and S. capensis populations are
situated within a protected area, they are afforded
little protection from invasion by non-native
fishes, as invasion originates from the mainstream,
which acts as a reservoir and donor population for
invasion. This highlights the ineffectiveness of
terrestrial reserves as refuges for fishes.
The findings from this study concur with available
literature on invasion and the time period for
successful establishment in the Blindekloof stream
after initial introduction was both variable (Peter-
son 2005) and governed by the ecological require-
ments and biological characteristics of the non-
native fish species (Strange et al. 1993; Moyle &
Light 1996; Weyl et al. 2009; Gozlan et al. 2010).
Although due to specific ecological requirements
and biological characteristics, a particular species
may not successfully establish in any environment
(Strange et al. 1993; Moyle & Light 1996; Weyl et al.
2009; Gozlan et al. 2010), this study also indicates
that the invasive potential of a species may not
necessarily be limited to cases of successfully
established species, but that their periodic inva-
sion into unfavourable environments can still af-
fect native fishes.
In conclusion, while present, M. salmoides,
M. dolomieu and C. gariepinus are not widespread
or abundant within the Blindekloof stream, as this
episodic stream may not conform to their specific
habitat requirements. The biologically smaller
generalist T. sparrmanii, on the other hand, is more
capable of establishing in the Blindekloof stream,
and therefore may provide a greater persistent
threat to the native fishes in future. Although this
study indicates that the abundance and distribution
of P. afer and S. capensis were negatively affected
by the presence of non native fishes, it is inconclu-
sive whether these invasions will cause their ex-
tinction in Blindekloof stream. Therefore, these
results indicate that a detailed study into the spe-
cific effects of the non-native fish invasion is re-
quired to better understand the invasion process
and its effects on native fish in order to formulate
future conservation strategies and to predict con-
sequences of future invasions.
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